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STATEMENT  OF  THE  PROBLEM  STUDIED 


During  the  course  of  this  project,  we  studied  the 
effects  of  eye lodeMt r ins  on  various  families  of  laser  dyes. 
Alpha,  beta,  and  gamma  cyclodextr ins  as  well  as  numerous 
substituted  eye lodextr ins  were  examined  in  aqueous 
solutions.  Among  the  laser  dyes  examined  were  the  xanthene 
dyes  including  rhodamines  6G,B,  SlOl,  sul f or hodamine  B  and 
the  disodium  salt  of  fluorescein;  the  coumarin  dyes  30,  314, 
31 4T,  102,  153,  7-hydroxycoumar in  and  the  salts  of  7- 

hydroxy-4— met hyl coumar in p  a  number  of  syn-  and  anti-bimane 
dyes;  two  pyrromethene  BF2  complexes;  some  phenyl 
substituted  oxazoles  and  p-terphenyl .  The  effects  of  the 
c yc 1 odext r ins  were  noted  on  the  fluorescence  and  UV 
absorption  of  these  dyes  in  aqueous  solutions.  These 
effects  were  found  to  be  variable,  depending  not  only  upon 
the  compound  being  examined,  but  its  concent r at  ion  in 
solution  as  well.  Almost  invariably,  the  solubility  of  these 
compounds  in  aqueous  solution  was  increased  by  the  presence 
of  eye  1 odext r ins .  Effects  of  eye lodextr ins  on  lasing  were 
studied  for  some  rhodamines,  coumarins  and  pyrromethene  BF^ 
complexes.  The  lasing  was  greatly  increased  for  some 
rhodamines,  but  not  much  affected  for  the  latter  two 
families  of  dyes.  Possible  co-inclusion  of  amphiphiles 
together  with  selected  laser  dyes  in  the  beta-cyclodextrin 
cavity  was  not  found  to  have  any  significant  effect  on 
fluorescence  emission  as  long  as  increased  solubility 
effects  were  rigorously  excluded.  Infra  red  studies  were 
performed  on  cyclodextrin  solid  complexes  with  coumarins  and 
a  shift  of  the  carbonyl  absorption  was  found  in  some  cases. 
Thin  layer  chromatography  of  the  various  laser  dyes  and  some 
dye  analogs  revealed  that  in  many  instances,  the  presence  of 
eye  1 odext r ins  in  the  mobile  phase  greatly  increased  the 
ret€?ntion  factor  values  and  could  prove  valuable  in  the 
separation  and  purification  of  these  dyes-  Studies  were 
also  carried  out  on  the  extraction  of  laser  dyes  from 
aqueous  solutions  with  solid  phase  extraction  cyclodextrin 
car  t r idges. 


SUMMARY  OF  THE  MOST  IMPORTANT  RESULTS 


STABILITY  OF  CYCLODEXTRINS  IN  AQUEOUS  SOLUTIONS 

The  stability  of  various  cyclodextrins  (CDs),  10- in 
aqueous  solutions,  was  monitored  by  UV  absorbance  over  a  two 
week  period.  The  pH  of  these  freshly  prepared  solutions  was 
also  measured.  All  three  unsubstituted  CDs,  alpha,  beta  and 
gamma,  were  e-y^amined,  as  well  as  the  substituted  CDs, 
hydroxyethyl ,  hydroxy propyl,  dimethyl,  trimethyl  and 
triacetyl.  In  contrast  to  the  Tin  substituted  CDs,  which  are 
single  products,  the.  substituted  CDs  typically  contain 
numerous  homo logs  and  isomers  of  the  products  that  are 
symmetrically  distributed  around  an  average  molecular  mass. 
The  structure  and  dimensions  of  beta  cyclodextrin  (B-CD)  are 
shown  in  Fig.  1. 

Tlie  UV  results  are  sTunmarized  in  Table  1.  As  noted  in 
the  Table,  alpha  and  gamma  CDs  show  no  absorption.  Beta  CD 
and  the  substituted  beta  CDs  show  some  absorption;  tlie 
absorption  is  very  weak  for  hydroxyethyl-B-CD,  MSI  and 
triacetyl -B-CD.  Only  unsubstituted  B-CD  shows  a  significant 
blue  shift  with  time  over  a  two  week  period.  In  general, 
aged  aqueous  solutions  of  B-CD  (solutions  one  week  old  or 
older)  show  a  255-265  nm.  However,  freshly  prepared 

aqueous  solutions  of  B-CD  show  “Xmax  278  nm  on  the  first  day. 
The  rate  of  shift  of  the  absorption  appears  to  be  somewhat 
pH  dependent.  Strongly  acidic  or  basic  soutions  shift 
slowly  and  near-neutral  solutions  shift  within  one  day. 
Heating  (  70  -  80^0  of  the  10“^M  B-CD  solutions  did  not 

appear  to  influence  the  rate  of  the  shift  from  longer  to 
shorter  wavelength  absorption. 

To  examine  the  effects  of  pH  on  B-CD,  aliquots  of  water 
were  adjusted  to  pH  2.01,  4.06,  6.42,  7.53  and  9.92  and  then 
made  10" 2  M  by  adding  solid  B-CD.  The  pH  was  then  reread 
and  was  monitored  throughout  the  study  without  any  further 
adjustments.  Tlie  addition  of  B-CD  did  not  significantly 
alter  the  pH  of  acidic  to  neutral  solutions.  However, 
addition  of  B-CD  to  basic  solutions  resulted  in  a  marked 
decrease  of  pH.  Some  subsequent  drifting  of  pH  witli  time 
was  often  observed.  The  pH  was  determined  for  freshly 
prepared  solutions,  10” of  the  various  CDs.  Average  pH 
values  for  these  solutions  are  shown  in  Table  2  below. 

These  solutions  were  monitored  over  a  two  week  period  and 
considerable  drifting  of  pH  with  time  was  observed  over  a 
range  of  7,2  -  6.1  pH, 

The  behavior  of  B-CD  was  also  examined  in  mixed 
solvents.  Solubility  and  effects  of  time  on  UV  absorption 
were  considered.  For  the  solubility  study,  1.135  g  of  B-CD 
were  placed  in  100  ml  of  solvent  (if  dissolved,  this  would 
result  in  a  10“ 2  m  solution).  In  pure  methanol  or  ethanol, 
tlie  B-CD  was  only  partial ly  soluble,  even  with  warming.  In 
e til anol :  water  (1:1),  the  B-CD  dissolves  at  room  temperature. 
In  methanol : water  or  glycerol : water  (1:1),  B-CD  dissolves 
only  in  warm  solution  and  recrystallizes  at.  room 


temperature.  For  all  of  tlie  above  solutions,  the  irv 
absorption  T^max  272-278  nm  did  not  shift  during  a  one  week 
time  period. 

In  all  fluorescence  studies  Involving  tJie  presence  of 
CDs,  tJie  pertinent  CD  solution  was  examined  for  f luoz'escence 
activity  under  tbe  same  parameters  as  used  for  the  guest 
compound.  Without  exception,  none  of  the  CDs  utilized  ever 
showed  any  f Iviorescence . 


OH 


Chemical  structure  of  p-cyclodextrin. 
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Fiq.  1.  Chemical  rind  dimensional  structure  of 
bcta-cyclodcxt  r in 
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2  EFFECTS  OF  CYCLODEXTRINS  ON  SELECTED  RHODAMINES  AND  THE 
DISODIUM  SALT  OF  FLUORESCEIN 


A  Study  was  done  of  the  fluorescence  and  UV  absorption 
of  selectsd  rhodaiaines  and  ths  effects  of  the  unsubstituted 
cyclodextrins  (CDs),  w-CD,  /S-CO,  and  9^CD  and  the 
substituted  CDs,  hydroxyethyl ,  hydroxypropyl  and 
diasthyl-B-CD.  The  rhodaninss  selected  were  RH  6G,  Rh  B,  Rh 
S  101  and  Rh  S  B.The  structures  of  these  rhodanines  are 
shown  in  Fig, 2.  The  results  for  fluorescence  emission  and 
UV  absorption  are  summarized  in  Table  3  and  Table  4 
respectively. 

As  seen  in  Table  3,  all  CDs  induced  an  enhancement  of 
fluorescence  for  concentrated  (10“^  M)  aqueous  solutions  of 
the  rhodamines.  Among  the  CDs,  dimethyl-B-CD  and  the 
hydroxypropyl-B-CDs  induced  a  greater  fluorescence 
enhancement  than  B*CD.  Somewhat  surprisingly,  gamma  CD, 
which  because  of  its  larger  cavity  diameter  might  have  been 
expected  to  have  the  greatest  effect  on  fluorescence,  was 
overshadowed  as  a  fluorescence  enhancer  by  dimethyl -B-CD. 

We  also  note  that  for  Rh  B,  the  results  obtained  for  a  .5  x 
10*^  M  solution  paralelled  those  obtained  for  the  1  x  10*^ 

M  solution  in  terms  of  relative  CD  effects  on  fluorescence. 
Further  dilution,  however,  can  change  the  effects  of  B- 
CD  on  the  fluorescence  of  Rh  6  G  and  Rh  B  as  well  as  ths 
disodium  salt  of  fluorescein*  Thsss  results,  covering  a 
dye  concentration  range  of  10*^  to  10**^,  are  presented  in 
Tabls  5  and  have  bsen  published  by  ue  (1)*  As  shown  in  this 
table,  addition  of  B*CD  to  sequentially  diluted  solutions  of 
thess  xanthene  dyes  has  variable  effects  on  fluorescence . 
B-CD  can  indues  either  enhancement  or  quenching  depending  on 
the  nature  and  concentration  of  ths  dye*  These  chances  in 
the  effects  of  B-CD  on  dilute  solutions  (10"^  to  10*®  M)  of 
xanthene  dyes  may  reflect  the  formation  of  different  types 
of  concentration  dependent  inclusion  complexes  between  the 
dyes  and  B-CD. 

For  concentrated  (10*^  M)  solutions  of  the  Rhodamine 
dyes,  Rh  6  G,  Rh  B,  S  Rh  101  and  S  Rh  B,  all  of  the  CDs 
examined  induced  a  quench  of  ths  shorter  wavelength 
absorption  and  enhanced  or  did  not  affect  the  longer 
wavelength  absorption.  (Tabls  4),  This  was  also  the 
observation  for  a  0,5  x  10*^  M  solution  of  Rh  B.  Ths 
effects  of  B-CD  were  also  examined  for  mors  dilute  solutions 
(10*^  to  10**^  M)  of  Rh  6  G  and  Rh  B  as  well  as  for  the 
dispdium  salt  of  fluorescein  over  the  concentration  range  of 
10*^  M  to  10"®  M,  These  results  have  besn  described  in  our 
recent  publication  (1),  In  this  dilution  range, 
considerable  differences  in  ths  effects  of  B-CD  were 
observed  not  only  from  dye  to  dye,  but  also  depending  upon 
the  concentration  of  the  dye.  For  ths  disodium  salt  of 
fluorescein,  strong  quenching  of  absorption  by  B-CD  was 
observed  over  the  entire  indicated  dye  concentration  range. 


Rh  6  G  (10*^  to  10"^  M)  showed  a  small  absorption 
enhancement  upon  addition  of  B-CD  as  well  as  a  slight  red 
shift t  The  effect  of  B-CD  on  the  absorption  of  Rh  B  varied 
with  the  concentration  of  the  dye,  A  quench  was  indicated  in 
10“®  and  10"*®  M  solutions  and  a  slight  absorption 
enhancement  in  10"^  M  solutions.  Monitoring  pH  ascertained 
that  these  absorption  changes  were  not  pH  induced. 

The  lasing  of  the  xanthene  dyes  Rh  6  G,  Rh  B  and  the 
disodium  salt  of  fluorescein  (10*^  M  aqueous  solutions)  was 
examined  using  a  flashlamp  pumped  dye  laser.  These  results 
have  been  published  by  us  and  are  presented  in  Table  6  (1), 
It  is  noted  that  in  studies  using  nitrogen  lasers,  no  lasing 
was  reported  for  Rh  B  or  Rh  6  G  in  aqueous  solutions.  In 
our  studies,  the  lasing  for  all  three  dyes  (10*^  aqueous 
solutions)  was  enhanced  in  the  presence  of  10"^  M  B-CD.  The 
most  dramatic  effect  was  for  RhB  and  the  smallest  effect  was 
observed  for  the  dlsodiura  salt  of  fluorescein. 


Effects  of  cyclodextrlns  (IO-2ri)  on  the  fluorescence  emission  of  Rhodamlne  6G, 
Sutforhodamlne  10i.  Rhodamlne  B»  and  Sulforhodamlne  B  In  aqueous  solutions 
(Cyctodextnn  Induced  percent  enhancement) 
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d1methyl-p-CD:  Heptak1s(2,6“d1-0“methyl)-beta-cyclodextrln 


TABLE  5 


Effect  of  P-cyclodc\trin  MO  ^  M )  on  the  fluorescence  emission  of  rhodamine  6G,  the  disodium  salt  of  fluorescein  and  rhodamine  B  in 
aqueous  solutions 


Dye 

cone. 

(M) 

RhB. 

Rh6G 

Fl-di-Na 

(nm) 

(/„^500nni) 

effect  of  B  CD 
(factor)  ■’ 

(nm ) 

(2„ss475  nm) 

effect  of  B-CD 
(factor) ** 

(nm) 

(^.,.  =  450  nm) 

effect  of  B-CD 
(factor) *' 

10  ’ 

6M-624 

enhance 

593-604 

enhance 

535 

enhance 

(7.9) 

(6.9) 

(1.5) 

10  - 

587 

quench 

566-568 

enhance 

520 

enhance 

(0.69) 

(1.9) 

M.l) 

10  ' 

580 

quench 

553 

quench 

506 

quench 

(0.59) 

(0.92) 

(0.82) 

10-^ 

574 

quench 

548 

quench 

503 

quench 

(0.68) 

(0.90) 

(0841 

10'^ 

575 

quench 

547 

enhance 

504 

quench 

(0.67) 

M.2) 

(0.67) 

10  • 

570 

quench 

547 

enhance 

500 

quench 

(0.76) 

(2.9) 

(0.81) 

”  Factors  (peak  height  of  dye  +  B-Cr))/(peak  height  of  dye), 


TABLE  6 


The  lasing  of  10  ’  M  aqueous  'olutions  of  rhodamine  rhodamine  6G  and  the  disodium  salt  of  fluorescein  in  the  presence  and  absence 
of  10  ^  M  fTcyclodextnn 


Dye  solution 

RhB 

Rh6G 

n^i-Na 

lasing  (WV  i 

lasing  (kV ) 

lasmg  (kV) 

threshold  intense 

threshold 

intense 

threshold 

Intense 

v.ithout  Ft  CU 

no  lasing 

15 

18 

12 

14 

with  B  CD 

1 1  14 

8 

12 

11 

13 

-13- 


Tables  taken  from  our 
publication  ( 1 ) . 


3.  cyCLODEXTRiM  EFFECTS  ON  SELECTED  COUMARINS  IN  SOLUTION 

The  effects  of  B-CD  and  hydroxyethyl-B-CD  on  the  ” water 
insoluble”  couraarins  102,  153,  30,  314,  314T,  were  studied 
as  well  as  the  effects  of  B-CD  on  the  "water  soluble" 
coumarins,  7-hydroxycoumarin  (7(0H)C)  and  the  Na  and  K 
salts  of  7-hydroxy-4-raethylcoui!iarin  (7(OH)4 (Me)C) .  The 
structures  of  these  coumarins  are  shown  in  Fig.  3. 

Coumarin  solubility  and  UV  absorption  with  various  CDs: 

For  1:1  aqueous  ethanolic  solutions  of  coumarins  102, 
153,  314  and  314T,  the  intrinsic  effect  of  B-CD  (and 
hydroxyethyl-B-CD,  average  molecular  substitution  1  and  1.6) 
is  a  quench  of  the  UV  absorbance*  The  absorbance  is 
considerably  lower  than  that  obtained  in  pure  ethanol.  The 
solubility  of  all  of  these  coumarins,  in  freshly  prepared 
solutions,  was  increased  in  10*"*  b-cD  (for  coumarins  314  and 
314T,  also  in  hydroxyethyl-B-CD).  Qualitatively,  these 
effects  prevailed  upon  aging  (2  weeks),  but  quantitatively, 
the  degree  of  change  was  variable  with  time.  For  coumarins 
314  and  3l4T,  fresh  solutions  showed  the  largest 
solubilizing  effect  with  hydroxyethyl-B-CD,  ave.  mol.  subst. 
1.  For  coumarins  314  and  314T,  coumarin  concentrations  as 
high  as  10“^  M  can  be  attained  in  slightly  warm  1:3  Et0H:H20 
solutions  which  are  10*^  in  B-CD.  The  UV  absorption  of 
coumarin  102  (maximum  concentration,  lo*^  M)  in  aqueous 
solution  was  not  affected  by  lo*"^  M  B-CD.  The  solubility  of 
coumarin  102  in  water  was  increased  in  the  presence  of  10*^ 

M  B-CD.  These  results  have  been  published  in  part  (2). 

The  UV  absorption  of  coumarin  314  T  (max.  cone,  lo*^  M)  in 
aqueous  solution  was  increased  in  the  presence  of  10  B- 
CD.  The  solubility  of  this  compound  was  also  increased  by 
B-CD.  The  UV  absorption  of  fresh  aqueous  solutions  of 
coumarin  314,  however,  was  quenched  and  red-shifted  by  B- 
CD. 

Coumarin  fluorescence  with  various  CDs: 

The  fluorescence  of  10*"^  M  solutions  of  coumarins  314 
and  314T  in  1:1  EtOH:H20  was  not  affected  by  B-CD  (10*2  m) . 
These  solutions  were  monitored  over  a  one  week  period.  In 
1:3  Et0H:H20  with  10*^  b-cd,  the  fluorescence  of  coumarin 
314  is  quenched  as  compared  to  ethanol.  For  coumarin  314T 
in  the  same  medium,  the  fluorescence  is  initially  quenched 
but  then  rises  to  the  same  intensity  as  in  ethanol  by  day  3. 
The  addition  of  small  amounts  of  acid,  (HCl)  to  aqueous 
ethanolic  solutions  of  coumarins  314  and  314T  does  not  have 
any  major  effect  on  the  fluorescence.  The  fluorescence  of 
314  T  (max.  cone.  lo"’^Ml  in  aqueous  solution  was  enhanced 
and  blue  shifted  by  10*^M  B-CD.  Fluorescence  studies  also 
confirmed  increased  solubility  in  aqueous  B-CD.  The 
fluorescence  of  314,  however,  was  quenched  in  fresh  aqueous 
solution  of  10*2m  b-cd. The  fluorescence  of  coumarins  102  and 


153  in  water  (maximuin  concentration,  10-7  M)  was 
considerably  enhanced  by  10"^  M  B-CD.  The  addition  of  B*CD 
showed  a  blue  shift  for  the  En  peaks  and  a  slight  shift  for 
the  Ex  peaks.  These  results  have  been  published  in  part 
(2). 

Effect  of  B-CD  on  the  lasing  of  coumarins  314  and  314T: 

The  lasing  of  coumarins  3l4  and  314T  (10“^  M)  was 
determined  in  ethanol  and  in  ethanol-water  solutions  in 
the  presence  and  absence  of  10""^  M  B-CD.  The  lasing  was 
most  efficient  in  ethanol  and  diminished  in  ethanol -water 
solutions.  The  addition  of  B-CD  (10“^  m)  appeared  to  even 
further  diminish  the  efficiency  of  lasing  for  the  ethanol- 
water  solutions. 

B-CD  and  the  "water  soluble"  coumarins: 

The  effects  of  B-CD  were  examined  on  the  fluorescence, 
UV  and  lasing  of  7-hydroxycoumarin  (7(0H)C)  and  the  Na  and  K 
salts  of  7-hydroxy-4-methylcouiaarin,  (7(OH)4(Me)c.  These 
results  are  presented  in  detail  in  our  publication  (2), 
pp438  -  440-  In  summary,  B-CD  quenched  the  UV  absorption  of 
these  compounds.  B-CD  enhanced  the  fluorescence  of  7(0H)C 
and  quenched  the  fluorescence  of  basic  solutions  of  the  K 
and  N  salts  of  7(OH)4(Me)C  for  fresh  solutions.  With  aging, 
solutions  with  B-CD  show  apparent  enhancement.  This  is 
probably  a  protective  effect  by  B-CD  against  decomposition 
rather  than  real  enhancement. 

The  lasing  of  7(0H)C  was  examined  in  the  450  -  473  nm 
range  and  B-CD  was  found  to  have  no  major  effect  on  the 
lasing.  The  lasing  of  the  X  salt  of  7(OH)4(Me)c  was 
examined  and  B-CD  was  found  to  have  no  effect  in 
concentrated  solutions  and  was  found  to  induce  a  slight 
quench  in  diluted  solutions.  In  summary,  the  lasing  in 
basic  solutions  is  very  pH  sensitive  for  these  compounds  and 
B-CD  has  no  major  effect. 


fig  3 . STRUCTURES  OF 


SELECTED  COUMARIN  LASER  DYES 


Coumarin  314 


Coumarin  102 


7-hydroxycoumar in 


Coumarin  314T 


X  =Na,  K 

salts  ot  7-liydroxy-4-inethylcoumarin 


4.  B-CYCLODEXTRIN  AND  BIMANES 

The  effects  of  B-cyclodextrin  were  investigated  on  the 
fluorescence  emission  and  excitation  as  well  as  on  the  UV 
absorption  and  solubility  of  certain  bimanes  in  aqueous  solution. 
Three  syn-bimanes  with  differing  water  solubilities  were 
examined,  namely,  syn- f CH2OCOCH3 .  CH3 )  bimane,  syii-(CH3,  CH3) 
bimane,  and  syn- (05^15 .  Cl)  bimane.  The  anti-(CH3,  CH3)  bimane 
was  also  examined.  The  structures  of  these  bimanes  are  shown  in 
Fig.  4.  In  dilute  solutions,  the  syn- f CH3 .  CH3)  bimane  and  syn- 
(C5H5,  Cl)  bimane  showed  enhancement  of  their  relative  fluores¬ 
cence  intensities  upon  the  addition  of  B-cyclodextrin  as  did 
anti-(CH3 .  CH3)  bimane.  Only  the  anti-f CH3 .  CH3 )  bimane  showed 
significant  changes  in  its  UV  absorption  upon  the  addition  of 
B-cyclodcxtrin.  Both  syn- f CH3OCOCH3 ,  CH3)  bimane  and  5yn-(CH3, 
CH3)  bimane  solubilities  were  increased  in  the  presence  of  B-CD. 
The  formation  of  B-cyclodextrin  inclusion  complexes  is  proposed 
as  a  possible  interpretation  of  these  observations.  These 
results  have  been  presented  in  detail  in  our  paper  (3). 

The  effects  of  time  and  heat  were  examined  on  the  B-CD 
induced  fluorescence  enhancement  for  syn- ( CH3 .  CH3)  bimane. 
Aliquots  of  10"^  M  solutions  of  this  bimane  both  with  and  without 
10“ 2  M  B-CD  were  monitored  over  a  two  week  period.  In  one 
series,  solutions  were  also  heated  (twice,  BO'^C/l  hr.)  during 
this  period.  Neither  time  nor  heat  induced  any  significant 
change  in  the  fluorescence  enhancement  which  was  originally 
observed.  Attempts  to  prepare  a  solid  B-CD  complex  using  syn- 
(CH3,  CH3)  bimane  did  not  yield  material  containing  bimane 
inclusion  complex  upon  X-ray  analysis. 
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t  r'jl  h'ji! 
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FIG.  4.  STRUCTURES  OF  SELECTED  BIMANES 
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5. 


B-CYCLODEXTRIN  AND  PYRROMETHENE  BF2  COMPLEXES 

B-CD  was  added  to  aqueous  solutions  of  1,3, 5, 7, 8^ 
pentamethyl  pyr rometherie-BF2  (very  water  insoluble)  and  the 
disodium  salt  of  1 , 3, 5, 7, a-pent amethyl pyrr omethene-2, 6- 
disul f onate-BF2  com/plexes  (compounds  supplied  by  Dr.  J.  H- 
Boyer ) .  The  structures  of  these  coumpounds  are  shown  in  Fig- 
5.  B-CD  <10“^M)  induced  fluorescence  quenching  for  the 
former  compound,  but  this  effect  can  vary  depending  on  the 
parameters  used.  For  the  latter  compound,  B—CD  induces  a 
very  small  enhancement  (1-2%)  of  fluorescence  emission  and 
does  not  affect  the  UV  absorption  at  ^ max  490  nm.  Aqueous 
10“^  and  lO”'^  M  solutions  of  this  disodium  salt  lased  in  the 
range  of  530—555  nm  and  B— CD  <10  ^M)  had  no  major  effect  on 
the  lasing-  The  disodium  l,3,5,7,a-pentamethylpyrromethene- 
2,6-disul fonate-BF2  complex  fluorescence  changes  with 
dilution  from  10“^  to  10"®  M.  Deaggregation  in  dilute 
solutions  is  suggested.  These  fluorescence  results  are 
presented  in  Table  7  and  have  been  published  by  us  (2). 


TABLE  7 

Fluorescence  of  a  sodium  pyr romethene-BF2  complex 
upon  dilution 

disodium  1,3,5,7,8-pentamethylpyrromethene-S,  6-disulf onate-BF2  complex 


F.ly oresce nc e  J,n _agu eous  solutions 


Molarity 

- 

. 

10-i 

10^^ 

ICr? 

lCr£^ 

Em  ^max,  nm 
ex=404nm 

534 

5E4 

517 

513 

509 

509 

ExA-max,  nm 
QX-534nm _ 

404 

444 

484 

486 

^86 

486 

1 ,3,5,7,8-pentamethy!pyiTomelhene“BF2  complex 


disodium  l.3J.7.8-pentamethylpyrTomedKm-2.6-disuIfonaic-BF2  complex 

FIG.  5.  STRUCTURES  OF  SELECTED  PYRROMETHENE  COMPLEXES 


5  errECTs  or  b-cyclodextrin  on  the  fluorescence, 

UV  ABSORPTION  AND  SOLUBILITY  OF  PHENYL  SUBSTITUTED  OXAZOLES 
AND  TERPHENYL 

The  f luorescence,  UV  absorption  and  solubility  of  four 
selected  phenyl  substituted  oxazoles  was  investigated  in 
ethanol : water  (1:1)  solutions,  since  these  compounds  were 
highly  insoluble  in  purely  aqueous  solutions-  In  all  cases 
investigated,  B-CD  increased  the  solubility  of  these  ^ 

compounds.  The  fluorescence  emission  was  quenched  by  M 

B-CD-  The  UV  absorption  was  likewise  quenched,  except  for 
POPOP,  for  which,  depending  upon  the  age  of  the  solution,  B- 
CD  could  induce  either  a  quench  or  an  enhancement.  These 
results,  together  with  the  structures  of  the  oxazoles 
investigated,  are  summarized  In  Table  8. 

It  is  noted  that  for  the  phenyl  oxazole  salt,  shown 
below,  B-CD  induces  a  shift  and  a  small  quench  of  UV 
absorption  and  also  induces  a  small  enhancement  of 
f 1 uoresc  ence. 

The  UV  absorption  of  terphenyl  was  determined  in  a  1:1 
ethand! water  solution  in  the  presence  and  absence  of  B-CD, 
The  effect  of  B-CD  ClO~^li)  on  the  UV  absorption  of  terphenyl 
is  enhancement  of  absorbance.  The  solubility  of  terphenyl 
is  also  increased  in  the  presence  of  B-CD,  efpecially  with 
time,  over  a  period  of  two  weeks.  The  structure  of 
terphenyl  is  shown  below. 


phenyl  oxazole  salt 


Terphenyl 


TABLE  8 


EFFECTS  OF  B -CYCLODEXTRIN  ON  THE  FLUORESCENCE. 

UV  ABSORPTION  AND  SOLUBILITY  OF  PHENYL  SUBSTITUTED  OXAZOLES 


Stj.'uct.ures  of  phenyl  substituted  oxazoles  investigated; 


UV  Determination  of  Intrinsic  effects  and  solubility  effects 
of  B-cyclodextrln  In  aqueous  or  ethanol/H^O  (1:1)  systems. 


Compound  belnR  studied 

Intrinsic  effect  of  B-cd 

Solubility  effect  of  B-cd 

2,5-dlphenyl  oxazole 
<PP0) 

(H^O)  at  X  -  280 

quench 

enhancement 

2- (4-blphenyl)-5-phenyloxazole 

quench 

enhancement 

(ETOH/Hj^O)  at  X  324 

2, 5-b Is- (4-blphenyl) oxazole) 

(ETOH/H^O) 

-  No  UV  data  available  due  to  poor  solubility  - 

1,4-bla  (5-phenyl  oxazole-2-*yl) -benzene  ,  enhancement  enhancement 

(POPOP) 

(ETOH/H^O)  at  X  -  360 


Fluorescence  Determination  of  Intrinsic  Effects  and  Solubility 
Effects  of  B  cyclodextrln  In  Aqueous  or  Ethanol/H^O(l i 1)  Systems 


Compound  belnR  Studied 

Intrinsic  Effect  of  B-cd 

Solubility  Effect  of  B-cd 

2,5-dlphenyl  oxazole 
(PPO) 

(H^O)  (10“**  M)  X  exc  334  X  max  368-370 

.  quench 

enhancement 

2-(4-blphenyl)-5-phenyl  oxazole 
(ETOH/H^O)  (10"^  M)  X  exc  358  X  max  390 

.  quench 

enhancement 

2,5-bls-(4-blphenyl)oxazole 

JeTOH/H^o)  C10“^  M)  X  exc  338  X  max  400-410 

.  enhancement 

enhancement 

1 ,4-bls(5-phenyl  oxazole-2-yl)-benzene 
(POPOP) 

(ETOH/H^O)  (10"^  M)  X  exc  358  X  max  419-420 

!  quench 

;  enhancement 

7.  CO-INCLUSION  OF  AMPHIPHILES  TOGETHER  WITH  SELECTED  LASER 
DYES  IN  THE  B-CYCLODEXTRIN  CAVITY 

The  effects  on  fluorescence  of  the  possible  co- 
inclusion  of  ethsnol  and/or  nethanol  together  with  the  guest 
compound  In  the  B-CD  cavity  were  examined  for  a  series  of 
laser  dyes.  With  the  exception  of  one  blmane,  we  did  not 
find  any  co-incluslon  effects  on  the  fluorescence  of  the 
complex  solutions. 

For  the  blmane  family^  the  fluorescence  of  syn- 
(CH3,CH3)  blmane,  syn-(CH3COOH2,CH3) blmane  and  syn-CC^Hs ,C1 ) 
blmane  wss  examined.  For  the  former  two  compounds,  the 
effect  of  10*^  M  B-CD  on  the  fluorescence  of  the  guest 
compound  was  not  altered  by  the  presence  of  small  amounts 
(1-2%)  of  ethanol.  For  syn-CCgHjiCl )blnane,  the  blmane- 
ethanol-B-CD  solution  showed  enhanced  fluorescence  as 
compared  to  the  blmane-B-CD  solution. 

In  the  xanthene  family,  the  effects  on  fluorescence  of 
the  possible  co-incluslon  of  ethanol  together  with  the  guest 
compounds  In  the  B-CD  cavity  were  examined  for  the  dyes 
rhodamlne  B  and  6G  as  well  as  the  dlsodlum  salt  of 
fluorescein,  in  all  cases,  the  presence  of  1%  ethanol 
together  with  10*^  M  B-CD  had  essentially  the  same  effect  as 
thst  of  10"^  M  B-CD  alone. 

Coumarlns  102  and  153  were  examined  for  possible  co- 
incluslon  of  ethanol  as  well  as  methanol  In  the  B-CD  cavity. 
After  rigorous  exclusion  of  solxiblllty  effects,  1-2%  of 
either  of  these  alcohols  had  no  effect  on  the  fluorescence 
of  those  coumarlns. 

8-  INFRA  RED  STUDIES  OF  CYCLODEXTRIN  SOLID  COMPLEXES  WITH 
COUMARINS 


Solid  complexes,  1:1  molar  ratio,  were  prepared  from 
B-CD  and  coumarln,  7-hydroxycoumarln  and  the  sodium  salt  of 
7-hydroxy-4-mothylcoumarln.  These  complexes  could  be 
recrystallized  from  water.  Infra  red  (IR)  spectra  were 
taken  In  KBr  and  In  Nujol.  Marked  shifts  (15-50  cm“^)  were 
observed  for  the  carbonyl  signals  upon  comparison  of  the 
parent  coumarlns  snd  their  B-CD  complexes.  It  Is  noted  that 
B-CD  does  not  show  any  absorption  In  the  carbonyl  region. 
Likewise,  KBr  spectra  of  hydroxy ethyl -B-CD  (average 
moleculsr  substitution  1  and  1.6)  and  of  hydroxypropyl-B-CD 
(average  molecular  substitution  0.6  and  0.9)  are  very 
similar  to  spectra  of  B-CD  and  show  no  absorption  In  the 
carbonyl  region.  Solid  complexes  were  prepared  In  1:1 
ratios  of  coumarln: CD  using  the  above  mentioned  substituted 
cyclodextrlns.  Various  methods  of  recrystal llzatlon  were 
attempted,  but  only  powders,  very  fine  needles  and  In  some 
Instrances,  gums,  could  be  obtained  which  were  unsuitable 
for  single  crystal  X-ray  diffraction  analysis,  IR  analysis 
of  the  coumarln-B-CD  complex  had  Indicated  a  20  cm^^  shift 
for  the  coumarln  carbonyl.  No  such  shift  was  noted  for  the 
coumarln: hydroxyethyl-B-CD  MSI  complex. 


-ax- 


THIN  LAYER  CHROMATOGRAPHY  OF  LASER  DYES  WITH  CYCLODEXTRlNS 
IN  THE  MOBILE  PHASE 

The  behavior  of  various  laser  dyes  and  dye  analogs  was 
examined  by  thin  layer  chromatography  with  various 
cyclodextrins  added  to  the  mobile  phase.  Different  solid 
supports  and  mobile  phases  were  utilized.  In  many 
instances,  the  addition  of  CDs  to  the  mobile  phase  resulted 
in  considerable  increase  in  the  retention  factor  value  of 
the  particular  laser  dye.  These  results  may  be  of 
particular  value  in  assessments  of  laser  dye  purity. 

Couraarin  laser  dyes: 

Five  coumarin  laser  dyes,  C30,  C314,  C314T,  C102  and 
C153  were  examined  on  polyamide  TLC  plates.  An  aqueous 
solution  of  urea  and  cyclodextrin  was  used  as  the  mobile 
phase.  B-CD  and  hydroxyethyl  and  hydroxypropyl  CDs  were 
examined.  In  all  cases  the  presence  of  the  CD  increased  the 
retention  factor  (Rf)  value  (Rf  •»  distance  coumpound 
travels/distance  solvent  travels).  Overall,  for  this 
coumarin  family,  hydroxypropyl -B-CD  was  most  effective  in 
increasing  Rf  values.  The  coumarlns  listed  above  did  not 
move  at  all  on  CIS  reverse  phase  plates  with  mobile  phases 
consisting  of  aqueous  4.0  M  urea,  5%  v/v  t-butyl  alcohol, 

0.5  M  Nad  and  O.l  M  CD.  The  CDs  examined  as  reverse  phase 
mobile  additives  were  B-cD  and  hydroxypropyl -B-CD  HS=0.9. 
These  coumarlns  have  very  similar  Rf  values  on  silica  gel 
plates  with  ethanol  as  the  mobile  phase.  Aqueous  solutions 
of  urea  and  CDs,  however,  allow  for  distinguishing  these 
coumarlns  on  silica  gel  plates.  These  results  are 
summarized  in  Table  9. 

Bimane  laser  dyes: 

Five  bimane  dyes,  syn-and  anti-(Me,Me) ,  syn-and  anti- 
(Me,Cl),  and  syn-(Ph,Cl)  were  studied.  TLC  was  carried  out 
on  polyamide  and  reverse  phase  Cl 8  plates  as  described 
above.  The  presence  of  CDa  does  not  make  any  significant 
difference  in  the  Rf  values  obtained  for  these  bimanes.  The 
presence  of  CDs  does  not  offer  any  particular  advantage  in 
the  separation  of  the  bimanes  on  silica  gel  plates  as  well. 
These  results  are  summarized  in  Table  10. 

Rhodamine  laser  dyes: 

The  rhodamine  laser  dyes,  Rh6G  and  RhB  as  well  as 
sulforhodamine  B  and  Sulforhodamine  101  were  examined  on 
polyamide  TLC  plates  as  described  above.  In  all  cases, 
except  for  sulforhodamine  loi,  the  addition  of  CDs  to  the 
mobile  phase  increased  the  Rf  values  of  the  rhodamines. 

In  contrast,  when  reverse  phase  Cl8  plates  were  used,  the 
addition  of  B-CD  or  hydroxypropyl-B-CD  MS“0.9  to  the  mobile 
phase  described  earlier,  had  no  significant  effect  on  the  Rf 
values.  Examination  of  these  dyes  on  silica  gel  plates  with 


aqueous  urea  and  CDs  In  the  mobile  phase,  revealed  a  marked 
Increase  for  the  Rf  values  in  the  presence  of  CDs.  These 
results  are  summarized  in  Table  11. 

Other  heterocycles 

A  number  of  compounds  were  chosen  from  other 
heterocyclic  systems  to  explore  the  scope  of  this  method. 
The  results  are  shown  in  Table  12. 

2,!5-diphenyloxazole:  Does  not  move  on  polyamide  or 
reverse  phase  CIS  plates  with  or  without  CD. 

fluorescein:  Rf  values  are  slightly  increased  by  CDs 
in  the  mobile  phase  both  on  polyamide  and  reverse  phase  CIS 
plates.  Rf  values  are  increased  by  CDs  in  the  mobile  phase 
on  silica  plates. 

indole:  Rf  values  are  increased  by  CDs  in  the  mobile 
phase  for  polyamide,  reverse  phase  Cl 8  and  silica  gel 
plates. 


TABLE  9 


Rf  Vn1ue3  of  Coumarin  laser  dyes  on  polyamide  TLC  plates 
with  aqueous  4.0M  Urea  mobile  phases  containing 

1 0~  *  M  substituted  and  unsubstituted  Betacyclodextrins 


Coumarin  dye 

B-CD 

HE“M5-L6 

UP*‘M5  =  0.6 

HP»M5-0  9 

Urea  only 

C30 

0.94 

0.76 

0.65 

1 

0.76 

005 

C3H 

0.43 

0.39 

0.42 

045 

0.46 

0.05 

C3HT 

0.23 

034 

037 

0.42 

0.42 

NM 

C102 

0.06 

0.17 

0.24 

0.21 

0.2S 

m 

C153 

002 

0.06 

0.06 

0.07 

0.10 

NM 

Rf  values  of  Coumarin  laser  dyes  on  silica  gel  TLC  plates  with 
aqueous  4/0  M  urea  mobile  phases  containing  10"^  M  substituted  and  unsub¬ 
stituted  Betacyclodextrins 


Coumarin 
_ <ive___  i 

B-CD 

HE*HS=1 

HE*HS=1.6 

C30 

O.BO 

0.65 

0.56 

:io2 

0.24 

0.49 

0.51 

C153 

0.01 

0.05 

0.08 

C314 

0.71 

0.66 

0.64 

C314T 

0.27 

0.44 

0 . 44 

HP*MS=0 . 6 

HP*HS=0 .9 

Urea 

Ethanol 

0,70 

C.  5! 

0.02 

0.63 

0.48 

6.03 

0.61 

0,05 

0- 

NM 

0.62 

0.70 

0.  oy 

0.06 

0.58 

0.51 

0.  yy 

NH 

0.62 

B-CD:  Beta  cyclodextrin 

HE*HS=1  and  HE*HS=1.6:  Hydroxyethyl  Betacyclodextrin  with  average  molecular 

substitution  of  l  and  1.6  respectively 
HP*HS=0.6  and  HP*HS=0.9:  Hydroxypropyl  Betacyclodextrin  with  average 

molecular  substitution  of  0.6  and  0.9  respectively 


NM:  no  movement 


TABLE  10 


\Xi  Values  of  bimane  laser  dyes  on  polyamide  TLC  plates  with  aqueous 
-1.0M  Urea  mobile  phases  containing  I0“^M  substituted  and 
unsubstituted  Detacyclodextrins 


bimane  dye 

B-CD 

ME«NS-I 

.6  HP«M5=0.6 

HP«M5-0.9 

Urea  only 

syn(Me,Me) 

0.94 

0.90 

0.74 

1 

0.91 

0.90 

antKMe.Me) 

0.70 

0.66 

0.60 

0.62 

syn(Me,CI) 

0.66 

0.65 

0.70 

0.72 

0.66 

0.67 

antl(Me,Cl) 

0.45 

0.41 

0.43 

0.44 

0.37 

syn(Ph,CI) 

0.05 

0.04 

0.05 

0.05 

0.06 

NM 

Rf  values  of  bimane  laser  dyes  oh  reverse  phase  Cio  TLC  plates  with 
aqueous  4.0M  urea  mobile  phases  containing  5%  v/v  t-butyl  alcohol, 
0.5M  NnCl  and  0.1  M  cyclodextrin 
(Detacyclodextrin  or  hydroxypropyl  Betacyclodextrin  average 
molecular  substitUition  of  0.9) 


Bimane  dye 

B-CD 

HP*MS=0.9 

Wo  CD 

3yn(Me,Me) 

0.37 

0.-17 

o.-n 

onti(Me,Me) 

0.13 

0.00 

0.  IS’ 

syn(Me,Cl) 

0.45 

0.-15 

0.>|3 

anti(Me,Cl) 

0.15 

0.10 

0.  IS 

3yn(Ph,Cl) 

NM 

NM 

MM 

Rf  values  of  Diraane  laser  dyes  on  silica  gel  TLC  plates  with 
aqueous  4.0  H  urea  mobile  phases  containing  10“^  H  substituted  and 
unsubstituted  Betacyclodextrins 


Bimane 

dve 

D-CD 

HE*MS=1 

HE*MS=1.6 

HP*HS=0.6 

HP*MS=0.9 

Urea 

Ethanoi 

Syn(He,He) 

0.39 

0.45 

0.47 

0.47 

0.S‘/’ 

0.35  ‘ 

0.50 

Anti(He,He) 

0.64 

0.65 

0.65 

0.63 

0.(^8 

0.55 

0.72 

Syn(Me,Cl) 

0.39 

0.43 

0.49 

0.48 

0.35 

0.65 

Anti(Me,cl) 

0.42 

0.44 

0.43 

0.48 

a,  ■Vi) 

0.33 

0.72 

Syn(Ph,Cl) 

0.02 

0.03 

0.03 

0.04 

0,0^ 

NH 

0.68 

B“CD:  Beta  cyclodextrln 

nE*HS=l  and  HE*HS=l.6!  Hydroxyethyl  Betacyclodextrin  with  average  molecular 
substitution  of  1.0  and  1.6  respectively 
HP*MS=0.6  and  HP*H3=0.9:  Hydroxypropyl  Betacyclodextrin  with  average 
molecular  substitution  of  0.6  and  0.9  respectively 

fW!  no  movement 


TABLE  11 


Rf  values  of  Rhodanlne  laser  dyes  on  polyanide  TLC  plates  with 
aqueous  4.0  M  urea  utobile  phases  containing  10“^  M  substituted  and 
unsubstituted  Betacyclodextr ins 


1  B-CD 

HE*HS-1 

1  HE*H3-1.6 

1  HP*HS=0.6 

1  HP*HS=0.9 

WMtmm 

mmmi 

mmuim 

mmFnm 

RhB 

0.97 

0,91 

0.92 

0.92 

0.96 

Sulfo  RhB 

0.  35 

0,2- 

0.25 

0.33 

0.27 

0.07 

Rh6G 

0.64 

0.58 

0.52 

0.52 

0.68 

0.43 

Sulfo  RhlOl 

0.03 

0.03 

0,05 

0.03 

— 

0.04 

0.04 

Rf  values  of  Rhodanlne  laser  dyes  on  reverse  phase  C^g  TLC 
plates  with  aqueous  4  H  urea  mobile  phases  containing  10“^  H  substituted 
and  unsubstituted  Betacyclodextrlns  and  v/v  t  butyl  alcohol,  0.5  H 
Had,  and  0.1  H  cyclodextrin 


Rhodamine 

dve 

B-CD 

HP*HS-0.9 

Urea 

Onlv 

RhB 

0.26 

0.02 

0.02 

Sulfo  RhB 

0.26 

0.27 

0.05 

Rh6G 

NH 

NM  ^ 

NM 

Sulfo  Rhioi 

o 

, 

o 

m 

o 

• 

o 

0.02 

Rf  values  of  Rhodanine  laser  dyes  on  silica  gel  TLC  plates  with 
aqueous  4.0  M  urea  mobile  phases  containing  10"^  substituted  and 
unsubstituted  Betacyclodextrlns 


Rhodamine  B 
dve 

B-Cd 

HE*HE=1 

HE*MS-1.6 

HP*MS»0.6 

HP*MS=0,9 

Urea 

0.08 

Acetone 

Rhodamine  B 

0.57 

0.40 

0.45 

o.yfc 

0.26 

Sulfo  rhodamine  B 

0.79 

0.67 

0.64  ! 

0.68 

0.7i. 

0.28 

0.02 

Rhodamine  6G 

m 

0.24 

0.25  1 

0.28 

c.aS 

0.10 

0.06 

Sulfo  rhodamine  101 

1  0.25 

0.34 

0.38 

0.36 

0,  V7 

0.22 

MM 

B-CD:  Beta  cyclodextrin 

HE*HS-=1  and  HE*HS™1.6:  Hydroxyethyl  Betacyclodextr in  with  averaae  molecular 
substitution  of  1  and  1.6  respectively 
HP*HS-0.6  and  Hp*HS*0.9:  Hydroxypropy 1  Betacyclodextrln  with  average 
molecular  substitution  of  0.6  and  0.9  respectively 

NK:  no  movement 


—0.9- 


TABLE  12 


Rf  Values  of  indole,  2,5-diphenyloxa2o1e,  and  fluorescein  on 
polyamide  TLC  plates  with  aqueous  4.0M  Urea  mobile  phases 
containing  10"*  M  substituted  and  unsubstituted  Betacyclodextrins 


Compound 

BCD 

iiE^iiS-i 

ilE**M5-1.6 

HP*»M5-0  6 

HP^MS-O  9 

Urea  oniy 

2.S  diphenyl- 

NM 

NM 

NM 

NM 

NM 

NM 

oxarole 

fluorescein 

007 

O.H 

O.M 

0.20 

0.10 

NM 

Indole 

0.36 

037 

037 

0.-12 

0.-12 

005 

Rf  values  of  indole,  2.5'diphenyloxa2ole  and  fluorescein  on  reverse 
phase  Cie  TLC  plates  with  aqueous  40M  urea  mobile  phases 
containing  53C  v/v  t-butyl  alcohol,  0.5M  NaCl  and  0.  IM  cyclodextrin 
(Betacyclodextrin  or  hydroxypropyl  Betacydodextrin  average 
molecular  substituition  of  0.0) 


Compound 

B-CO 

HP»MS=0.9 

hio  CD 

2,5-diphenylOKa7ole 

NM 

NM 

Fluorescein 

0.09 

0.22 

nh 

Indole 

NM 

0.1  a 

Pf  values  of  indole  and  fluorescein  on  silica  gel  TLC  plates 
with  aqueous  4,0  K  urea  noblle  phases  containing  10"^  H  substituted  and 
unsubstituted  Betacyclodextrins 


Compound 

B-CD 

HE*MS^1 

HP*MS*0.9 

Urea 

Ethanol 

fluorescein 

0.49 

0.64 

0.63 

0,66 

C7.  7^ 

^.0? 

0.63 

1 ndo 1 e 

6.44 

^6750 

0,46 

0,49 

0,5} 

0.09 

0.06 

B-CD:  Beta  Cyclodextrin 

HE*HS^1  and  HE*MS=1.6:  Hydroxyethyl  Betacyclodextrin  with  average  molecular 
substitution  of  1  and  1,6  respectively 
HP*MS*o,6  and  HP*MS-0,9:  Hydroxypropyl  Betacyclodextrin  with  average 
molecular  subatltutlon  of  0,6  and  0.9  respectively 


KW:  no  movement 


EXTRACTION  OF  LASER  DYES  FROM  AQUEOUS  SOLUTION  WITH 
SOLID  PHASE  EXTRACTION  CYCLODEXTRIN  CARTRIDGES 


Solid  phase  extraction  cartridges  (SPE  cartridges!' 
packed  with  silica  bonded  CDs  were  examined  as  a  potential 
means  of  purification  and/or  extraction  of  aqueous  solutions 
of  laser  dyes-  Extraction  using  alpha,  beta  and  gamma  CD 
containing  cartridges  was  compared  to  CIS  cartridges. 

Initially,  extraction  with  B-CD  SPE  cartridges  was 
studied  using  10  ml  samples  of  aqueous  solutions  of 
coLimarins  101,  314,  31 4T,  30  and  153  as  well  as  coumarin, 
indole  and  syn (Me, Melbimane.  Complete  extraction  was 
achieved  for  all  these  compounds,  except  for 

syn (Me, Me) b imane-  Washing  the  cartridge  with  water,  caused 
coumarin,  indole  and  the  bimane  to  be  eluted  from  the 
cartridge-  For  all  compounds  except  the  bimane,  good  or 
near  quantitative  recovery  of  the  compound  from  the  SPE 
cartridge  could  be  achieved  by  elution  with  methanol- 
chloroform-ethanol-  The  presence  of  the  compounds  was 
monitored  by  UV  absorption-  Pilot  studies  indicate  that 
reuse  of  the  B-CD  cartridges  is  possible-  These  results 
are  summarized  in  Table  13- 

Further  studies  comparing  alpha,  beta,  gamma-CD  and  C1.8 
SPE  cartridges  were  carried  out  using  50  ml  samples  of  1 0“^M 
coumarin  30  and  153  as  well  as  coumarin  and  indole. 

Complete  extraction  of  coumarins  30  and  153  was  achieved 
with  good  to  excellent  recovery  of  these  compounds  from  the 
cartridges  using  elution  with  methanol,  chi  or  o  f  or  m-etfianol  , 
and  acetonitrile  solvents-  Both  UV  absorption  and 
fluorescence  emission  was  used  to  monitor  the  presence  of 
these  compounds-  Under  the  conditions  used  for  this 
experiment,  no  particular  advantage  could  be  noted  for  one 
cartridge  over  another-  For  coumarin  and  indole,  however, 
extraction  efficiency  was  poor  and  most  of  each  compound 
passed  through  the  cartridges  without  being  retained-  These 
results  are  summarized  in  Table  14- 


TABLE  13 

EXTRACTION  OF  LASER  DYES  AND  ANALOGS  FROM  AQUEOUS  SOLUTIONS 

(Monitored  By  UV  Absorption) 

USING  BETA-CYCLODEXTRIN  BONDED  SOLID  PHASE  EXTRACTION  CARTRIDGES 
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10*®&10-3M  for  10  ml 


« 

1 

n 

TJ  1 

e 

TS 

1 

(U 

(U  1 

0 

0} 

1 

c 

C  1 

4J 

•H 

c 

1 

0 

t  0) 

4J 

0  1 

(U 

c 

4J 

u 

1 

0 

u 

1 

1 

♦H 

1  4J 

c 

•H  1 

4J 

0) 

•H 

0 

1 

■H 

0 

1 

• 

004J 

1  0) 

0) 

C04-)  1 

0) 

rH 

COTS 

0 

1 

00  4-1 

0 

1 

1  rH 

H 

♦HH  1 

rH 

rH 

rHC 

a 

1 

rHH 

a 

1 

utj 

1  Q< 

H 

UTS  1 

a 

m 

UO 

UTS 

c 

1  £ 

(U 

C  1 

£ 

u 

U 

c 

0 

1  0 

0 

0  1 

0 

X 

(U 

o 

u 

1  U 

X 

U  1 

u 

(U 

u 

0 

(U 

(U 

0)  1 

a 

(U 

u 

U  1 

u 

a 

a  1 

1 

j 

a 

TJ 

1 

1 

TJ  1 

TS 

0) 

(U  1 

CJ 

(U 

C  CO 

C 

C  1 

C 

c 

0  (U 

0 

1  (U 

0  1 

0) 

Q 

0 

•H  0^ 

•H 

1  4-> 

•H  1 

4J 

•H 

u 

1 

■H 

u 

1 

4-1  TJ 

4J 

1  (U 

4J  1 

0) 

'5 

4J 

0 

1 

4J 

0 

1 

D  -H 

00-H 

1  rH 

0 

OOH  1 

rH 

0 

00-H 

0 

1 

OOH 

0 

1 

r-H  kl 

rHTJ 

1  a 

0 

HTJ  I 

a 

0 

r-fTS 

a 

1 

r-ro 

a 

1 

0  4J 

UC 

1  £ 

UC  1 

B 

UC 

UC 

cn  u 

1 

0 

1  0 

1 

0 

0 

0 

0 

nJ 

1 

u 

1  u 

1 

u 

u 

u 

u 

CO  u 

1 

c 

1 

c: 

c 

c 

=J 

1 

0 

1 

3 

3 

p 

0  c 

1 

1 

(U  0 

1 

1 

3  -H 

1 

1 

cr4J 
<  u 

1 

1 

1 

1 

nj 

1 

1 

B  U 

1 

1 

0  4J 

1 

4J 

1 

4-» 

^4  X 

1 

1  C) 

c 

1 

(U 

C 

«M  U 

1 

a 

1  4-) 

(U 

1 

a 

4J 

(U 

D 

u 

1 

Q 

u 

1 

1 

u 

1  OS 

rH 

1 

u 

0) 

rH 

u 

0 

1 

u 

0 

1 

fl) 

1 

1  r-4 

rH 

1 

1 

rH 

rH 

1 

0 

1 

0 

1 

CO  CO 
tJ'  ITS 

1 

1 

1  ti* 

1  B 

(U 

u 

1 

1 

a 

B 

01 

u 

a 

1 

• 

a 

' 

c 

0  x: 

1 

1  a 

X 

1 

0 

X 

1 

0 

'T 

rH  PW 

1 

1  u 

(U 

1 

u 

0} 

1 

-H 

ITS 

1 

1 

1 

CO 

u 

C  TJ 

1 

1 

1 

CO 

ITS  -H 

1 

1 

1 

•H 

i£5 

rH 

1 

1 

1 

£ 

TJ  0 

1 

1 

1 

(U 

t-* 

c  cn 

0} 

1 

0) 

1 

1 

ns 

rH 

1 

rH 

1 

1 

0) 

^co 

9* 

1 

a 

1 

1 

0 

r4 

B 

1 

£ 

1 

0) 

1 

c 

CO  u 

ns 

1 

4J 

ns 

1 

rH 

1 

(U 

(U 

CO 

1 

1  (U 

c 

(0 

1 

(U 

a 

1 

0) 

0 

>iTJ 

1 

1  u 

(U 

1 

4J 

£ 

1 

rH 

CO 

a  c 

iH 

1 

a 

1  (U 

rH 

rH 

1 

a 

(U 

ns 

D 

1 

u 

1 

a 

a 

u 

1 

(U 

ns 

s 

1 

u 

1  rH 

H 

B 

1 

u 

rH 

0 

1  (A 

u 

1 

0 

1 

£ 

u 

0 

1 

u 

1 

1 

1  a 

(U 

1 

1 

a 

0 

1 

1 

0 

1 

ns 

1 

0 

1 

0 

(U  c 

o 

1 

CQ 

1  £ 

U 

o 

1 

QQ 

£ 

rH 

QQ 

1 

a 

1 

CO 

QQ 

a 

1 

3 

CO  -H 

lO 

1 

1  0 

X 

in 

1 

0 

£ 

1 

rH 

ns 

1 

1  u 

(U 

1 

u 

1 

rH 

44 

J  4J 

1 

•k 

1 

o 

♦ 

£ 

X 

1 

K 

1 

in 

1 

TS 

(M  0) 

in 

1 

in 

1 

1 

O 

c 

0  TJ 

1 

1 

1 

1 

1 

in 

ns 

0 

o 

1 

o 

1 

( 

C  rH 

r— 1 

1 

rH 

1 

in 

1 

c  c 

0  0 

1 

1 

1 

s: 

0  0 

■H  >, 

1 

ro 

1 

o 

1 

in 

•H  -H 

CJ 

o 

1 

in 

1 

*H 

1 

1 

4J  4J 

u 

n 

1 

4J 

fH 

1 

1 

o 

a  a 

m  tr 

1 

1  (U 

c: 

1 

(U 

1 

rH 

u  u 

M  c 

C 

1 

Q 

1  4J 

(U 

C 

1 

a 

4J 

c 

Q 

1 

Q 

0  0 

4J  -H 

■H 

1 

U 

1  (U 

H 

•H 

1 

u 

(U 

TS 

•H 

U 

1 

u 

1 

u 

u 

1 

CO  CO 

X  (0 

u 

1 

1 

1  rH 

rH 

1 

1 

rH 

0 

1 

0 

1 

(U 

1 

0 

1 

X)  X) 

ns 

1 

1  a 

0} 

ns 

1 

a 

0 

ns 

1 

0 

1 

H 

0 

1 

ns  ns 

6 

1 

0 

1  B 

0 

1 

B 

n 

1 

a 

1 

0 

1b 

a  1 

1 

3 

1 

1  0 

X 

1 

0 

§ 

1 

n 

1 

0 

1 

1  u 

(U 

0 

1 

u 

0 

1 

c 

1 

U 

1 

1 

1 

u 

1 

1 

1 

u 

1 

1 

1 

H 

1 

1 

1 

>.  >. 
XI  JQ 

■  4 

1 

■  4 

1  *  * 

«4 

■  4 

1 

■  ■ 

■  • 

44 

4« 

■  • 

1 

4  ■ 

•  ■ 

■  4 

■  1 

■  4 

1 

•  t 

TJ 

1 

0) 

£ 

TJ 

1 

(U 

£ 

TS 

0) 

1 

£ 

n 

(U 

1 

£ 

TS  TI 

c 

1 

1 

0 

c 

1 

0 

1 

0 

s 

tr»  1 

1 

0 

(U  (U 

3 

1 

TJ 

1  ns 

u 

3 

1 

n 

u 

§ 

T1 

1 

X) 

u 

3 

Tl 

1 

a 

1 

U 

u  u 

0 

1 

•H 

1  C  >1 

44  ns 

0 

1 

•H 

4410 

0 

•H 

1  c 

>. 

44JQ 

0 

■H 

1 

c 

> 

1 

44  JQ 

0  0 

a  1 

U 

1  0  u 

0) 

a 

1 

u 

0  u 

0} 

a 

M 

1  0 

0 

0) 

a 

1 

0 

0 

1 

0) 

JJ  4J 

B 

1 

4J 

1  H  C 

>1  1 

£ 

1 

u 

•H  C 

£ 

4J 

1  H 

c 

> 

1 

B 

4J 

1 

•H 

c 

1 

>1  cr 

•H  -H 

0 

1 

U 

1  4J  (U 

w  TS 

1 

0 

1 

u 

4J  0) 

0 

U 

1  4J 

0) 

L 

TS 

1 

0 

u 

1 

4J 

(U 

1 

^4  TS 

c  c 

u 

1 

ns 

1  0  -H 

(U  -H 

1 

u 

1 

ns 

0  -H 

<u  -H 

u 

ns 

1  U 

•H 

0) 

•H 

1 

u 

ns 

1 

u 

•H 

1 

(U  -H 

0  0 

1 

u 

1  ns  u 

>  M 

1 

1 

u 

ns  u 

>  M 

u 

1  ns 

0 

> 

u 

1 

u 

1 

ns 

0 

1 

>  ^4 

s  s 

1 

1  U  -H 

0  4J 

1 

1 

^4  -H 

0  4-» 

1  u 

•H 

0 

4J 

1 

1 

u 

•4^ 

t 

0  4J 

1 

1  4-1  44 

0  ^4 

1 

1 

4J  44 

0  M 

u 

1  4-1  44 

u 

U 

1 

u 

1 

4J  44 

1 

u  u 

1 

PW 

1  X  44 

0)  ns 

1 

1 

%  1  I 

0)  ns  i 

Or 

■ 

44 

d) 

ns 

1 

PW 

1 

X 

44 

1 

(U  ns 

4  4 

1 

cn 

1  M  M 

PC  U 

1 

1 

PC  u 

CO 

1  U 

u 

PC  u 

1 

CO 

1 

M 

u 

1 

K  U 

ns  X) 

REFERENCE  PUBLICATIONS 


Arising  from  research  performed  on  ARO  grant 
#  DAAL  O3-00-G-OO11 


1.  l.R.  Politzer,  K-T.  Craqo,  T.  Hampton,  J.  Joseph, 

J.H.  Boyer  and  M.  Shah,  1909,  Effect  of  B-cyclodeKtr ir> 
on  the  Fluorescence,  Absorption  and  Lasing  of  Rhodamine 
60,  Rhodamine  D  and  Fluorescein  Disodium  Salt  in 
Aqueous  Solutions,  Chem,  PhyS-  Lett,,  159  <2, 3) 

250-262. 

2-  l.R,  Politzer,  K.T.  Crago,  S,  Garner,  J.  Joseph, 

J,H.  Boyer  and  M,  Shah,  1990,  Effects  of  0-cyclodextrin 
on  Selected  Xanthene  Dyes,  Coumarins  and  Pyrromethene- 
BFg  Complexes  in  Aqueous  Solutions.  In,  "Proceedings 
of  the  International  Conference  on  Lasers  'B9",  D.G, 
Harris  and  T.M,  Shay,  Eds.,  STS  Press,  McLean,  VA 
34^440, 

3.  l.R.  Politzer,  K.T.  Crago,  D,L,  Kiel  and  T.  Hampton, 

19B9.  The  Effects  of  0-CycIodextrin  on  the 
Fluorescence,  UV  Alisorption  and  Solubility  of  Selected 
Bimanes  in  Aqueous  Solutions.  Anal.  Lett.,  22  (6) 
1567-1500. 


LIST  OF  ALL  PART IC IPAT ING  SCIENTIFIC  PERSONNEL 

Mrs.  Kathleen  T.  Crago 

Mr.  Tony  Hampton,  BS  chemistry 

Mr.  Damon  Weddington,  0S  chemistry 

Ms.  Michelle  Easton,  BS  chemistry 

Mr,  Keith  Amos 

Ms.  Erica  Flowers 

Mr,  Kyran  Mitchell 


BIBLIOGRAPHY  -  SAME  AS  LIST  OP  REFERENCE  PUBLICATIONS 


-ja- 


